Abstract
to better represent the domain geometry (see, e. g., Wekerle et al. (2013) , Tim-mermann and Hellmer (2013)), the use of mesh refinement as a tool to resolve 23 eddies is already a proven concept (see Ringler et al. (2013) easily underestimated, and this study seeks to address them in a qualitative way.
36
Although we deal with unstructured meshes, the results reported below can be of 37 interest to a wider community of ocean modelers working with nesting tools on 38 standard structured meshes.
39
We consider a baroclinically unstable eastward flow in a zonally-reentrant chan- • at midlatitudes), eddies with the size of 58 λ/2 can already be well represented, and yet it is well known that this resolu-59 tion is by far insufficient. The point is that the accompanying subgrid dissipation 60 still turns out to be too high so that only a part of the extracted available po-61 tential energy (APE) is fluxed back to maintain kinetic energy at large scales,
62
while the other part is lost to subgrid dissipation on small scales (see Jansen and 63 Held (2014) for the spectral analysis of the APE release rate and energy transfers 64 on eddy-permitting and resolving meshes). According to the results obtained in 
where h 0 is the side of the smallest triangle, and w t (in degrees) defines the width 88 of the transitional zone. There are some variations of this basic setup. The pa-89 rameters of the meshes used in different runs are presented in Table 1 .
90
The density depends linearly on the temperature, ρ−ρ r = −ρ r α(T −T r ), with ρ r scale varies linearly from (3 day) −1 at the wall to zero outside the 1.5
• zones.
98
A small sinusoidal perturbation is applied to the temperature to speed up the 99 development of the baroclinic instability, which equilibrates in about half a year.
100
We only deal with short runs of several years (4 or 5) in duration and present
101
the results averaged over the entire period of integration excluding the first year.
102
While this is certainly insufficient to obtain stationary patterns of eddy variances,
103
it is sufficient to draw qualitative conclusions for our questions. The configuration part equal to the fine one (for both are eddy resolving).
115
The simulations are performed with a finite-volume ocean circulation model 116 described in Danilov (2012) . It uses a cell-vertex (quasi-B-grid) discretization.
117
The runs are stabilized with a weak quadratic bottom drag (with C d =0.001) and vector-invariant form of momentum advection is used in the runs listed in Table 1 .
135
It turned out that it may lead to a transient noisy pattern in the vertical velocity The variability of other fields, likewise, confirms the presence of 'retardation'.
186
We use the meridionally averaged variance of three-dimensional fields to further with even larger refinement factors, we would expect that the same 'retarded' 238 behavior will be observed even then. Since the length of the fine part in case A seems to be insufficient for reaching explained by the larger φ w (see Table 1 ). The decay becomes more gradual on the
267
'fine-coarse' transition in case C . We therefore conclude that smooth transition 
276
In practice one would like to reach a goal resolution in a predefined domain,
277
and the question is how this resolution has to be matched to the coarse one outside.
278
The comparison presented in Fig. 5 and 6 can be viewed from this perspective.
279
Let us arbitrarily define the boundary of the refined domain to be where r = 1.1,
280
which is at approximately 9.2 • E for case C and 17.6
• E for case C on the west for all fields, with no apparent 'retardation' (there is still some delay in case D).
313
We conclude that the resolution of about two mesh elements per Rossby radius is fine-resolution area. We concluded that smooth transition should be preferred. We 322 discuss now some numerical aspects related to the variable resolution as applied
323
Figure 7: Same as in Fig. 3 , but on a finer mesh, for case D (left) and case E (right). In both cases the 'coarse' part is eddy-resolving. In case E the fine part is slightly shorter than in case D, see Table 1 , so that 7.5 • E in the left panel should be related to 10 • E in the rigt panel for the coarse-fine transition.
to simulating eddy dynamics. 
353
In case E noise is seen in both transition zones, but is also present on the coarse like scattering on mesh inhomogeneities).
359
The fact that noise is seen only in w, and not in the relative vorticity hints at 
Discussion

395
The question of how to refine the mesh resolution is a difficult one, and here
396
we qualitatively explored only one of its aspects. The effect of retarded turbu-397 lence development has an implication that the area of refinement has to be suffi- upstream 'seed' in triggering the development of turbulence will be less significant. 
Conclusions
We show that changing the mesh resolution from coarse to eddy-resolving is 
